ABSTRACT
was higher in patients with a bony TT-TG distance >14 mm (relative risk [RR]=6.4), a cartilaginoustendon TT-TG distance >13.5 mm (RR=8.8), and a TT-TG index >0.26 (RR=6.7). Conclusion. Children with recurrent patellar dislocation have higher TT-TG distance and index when compared with one-timers.
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Acute patellar dislocation occurs most commonly in young and active children, especially in females aged 10 to 17 years. 1, 2 The incidence is higher in children than in adults (43 vs. 5.8 in 100 000). [3] [4] [5] The recurrence rate is approximately 33% after non-operative treatment and can be up to 50% when the patient develops instability. 6, 7 Risk factors for recurrence include ligamentous laxity, anatomic anomaly or malalignment, and loss of patellar constraints owing to previous injury. Excessive tibial tubercle to trochlear groove (TT-TG) distance is a factor of patellar instability. 8, 9 Computed tomography (CT) and magnetic resonance imaging (MRI) measurement of the TT-TG distance has excellent intra-and interobserver reliability, although value derived by the 2 modalities is not interchangeable, as MRI tends to underestimate the distance. [10] [11] [12] [13] The TT-TG index takes into account of individual joint size in quantifying malalignment on the axial plane. In a smaller joint, the same TT-TG distance results in a higher lateral deviation force vector.
14 This study measured the TT-TG distance and index on MRI in children with onetime versus recurrent patellar dislocation.
Materials and Methods
This study was approved by our institutional review board. Records of first-time acute patellar dislocation treated non-operatively from 2007 to 2012 in our hospital were retrospectively reviewed. 20 males and 23 females aged 10 to 17 years at presentation with 2 years of follow-up and MRI of the affected knee taken were included. Their bony and cartilaginoustendon TT-TG distance and index were determined on MRI. Patients with a concomitant neuromuscularor syndrome-associated condition, congenital or habitual dislocation were excluded. Recurrent patellar dislocation was defined as having more than one episode of dislocation on the same knee within 2 years of the index injury.
The bony TT-TG distance was the distance between the superimposed perpendicular line to the tangent to the bony borders of the posterior condyles through the deepest bony point of the trochlear groove and the parallel line on the axial image showing the most anterior point of the tibial tuberosity (Fig. 1a) . 10 The cartilaginous-tendon TT-TG distance was measured similarly with the landmarks being those of cartilaginous borders and the parallel line at the centre of patellar tendon insertion on the tibial tuberosity (Fig. 1b) . 10 The TT-TG index was the cartilaginous-tendon TT-TG distance divided by the joint size, which was the distance between the height of the tibial tubercle (TT) and the proximal chondral entrance of the trochlear groove (TE) [TT-TE distance] on the axial plane transferred onto the sagittal plane (Fig. 2 ).
14 ANOVA was used to determine differences between patients with one-time and recurrent patellar dislocation, and different gender, race, and laterality in terms of the bony and cartilaginous-tendon TT-TG distance and the TT-TG index. The Pearson's Chisquared test was used to determine the likelihood of patients having recurrent patellar dislocation based on the TT-TG distance and index. A p value of <0.05 was considered statistically significant.
results
The mean bony and cartilaginous-tendon TT-TG distance and the TT-TG index were 15.2±4.3 mm, 16.4±4.9 mm, and 0.35±0.10, respectively. Patients were followed up for 2 years for recurrent patellar dislocation. The recurrent dislocation rate was 30.2% (13 out of 43). Patients with recurrent patellar dislocation had a higher bony TT-TG distance (17.4±4.1 vs. 14.2±4.1 mm, p=0.026), cartilaginoustendon TT-TG distance (18.8±4.6 vs. 15.3±4.6 mm, p=0.029), and TT-TG index (0.41±0.08 vs. 0.33±0.10, p=0.008), compared with one-timers. Males had a larger patellofemoral joint (TT-TE distance) than females (49.0 vs. 44.8 mm, p=0.01) [ Table 1 ].
The risk of recurrent patellar dislocation was higher in patients with a bony TT-TG distance >14 mm (relative risk [RR]=6.4), a cartilaginous-tendon TT-TG distance >13.5 mm (RR=8.8), and a TT-TG index >0.26 (RR=6.7) [ Table 2 ].
discussion
The decision for operative or conservative treatment for first-time patellar dislocation in children is debatable. 11, 15 It is important to identify a subset of patients who may benefit from early operative intervention. In our hospital, almost all patients with first-time patellar dislocation are treated with 
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Overall MRI is preferred to CT because it allows better assessment of knee joint pathology without radiation exposure. [10] [11] [12] In the paediatric population, excessive radiation on a growing physis may have long-term detrimental effects. Nonetheless, the TT-TG distance measured by MRI and CT may not be interchangeable, as MRI tends to underestimate the figure. 13 Although a validated cut-off for the pathological TT-TG distance is yet to be determined using MRI, the normal TT-TG distance has been reported to range from 9.4 to 13.6 mm in adults, [10] [11] [12] [13] from 2.5 to 10.7 mm in children aged 9 months to 16 years, 16 and from 8.2 to 10.7 mm in a subset of children aged 10 to 16 years. 16 In our study, only patients aged 10 to 17 years were included because patellar dislocation occurs more commonly in this age-group and bony and cartilaginous landmarks are more well-defined for correct identification. Our patients had a higher mean bony and cartilaginous-tendon TT-TG distance (15.2 and 16.4 mm, respectively), when compared with normal children. 16 The TT-TG index takes into account of individual joint size and provides a more accurate measurement of effective Q angle in the axial plane. This may explain the higher incidence of recurrent patellar dislocation in females. In our study, patients with a bony TT-TG distance >14 mm, cartilaginous-tendon TT-TG distance >13.5 mm, and a TT-TG index >0.26 had a higher risk of recurrent patellar dislocation. Nonetheless, this was based on statistical analysis of our small sample.
One limitation of our study was its retrospective nature and the relatively short follow-up of 2 years. Patients may still develop recurrent patellar dislocation after 2 years. Nonetheless, longer followup could not be obtained because the patients would not remain under our care once they reached adulthood. In addition, the intra-and inter-observer reliability of MRI measurement of the TT-TG distance and index was not tested, because it had been well established. Other variables that may have been associated with recurrent patellar dislocation were not controlled such as age, level of sport activity, genu valgum, torsional problem, generalised ligament laxity, and trochlear hypoplasia.
conclusion
Children with recurrent patellar dislocation have higher TT-TG distance and index when compared with one-timers.
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